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INTRODUCTION bromine in turn reacts in a similar manner to free
chlorine, forming brominated THMs.

Municipal water utilities are facing ever increasing
demands to improve water quality. This situation isThe presence of bromide in a water supply is of
causing many Water utilities to initiate new treatment particular significance as a THM precursor because
processes or approaches as well as to improve the it is much heavier than chlorine and therefore, sinc~
performance of existing treatment works. These the THM MCL (maximum contaminant level) is
various improvements are adding to the cost of based on a mass per volume concentration, a
producing a potable and palatable domestic water brominated THM is a more important species than
supply. Many water utilities are finding that its equivalent chlorinated form with respect to
increased urbanization and industrialization of their meeting the MCL It also appears that bromine may
water supply watersheds is causing increased be a more effective halogenating agent than chlorine
contaminant loads that must be removed in the with the result that higher THM levels on a molar
treatment works. Both of the above mentioned basis are formed when bromide is present compared
factors are causing water utilities and water quality to when it is absent. Bromides are frequently
regulatory agencies to consider the feasibility of associated with seawater and brines. It is therefore
controlling domestic water supply quality by obvious that water utilities with any sources of
controlling contaminant concentrations at the water controllable bromide within their raw water supply
supply source. This paper presents an overview of should aggressively require c’ontrol of those sources
the current information on some programs that have to the maximum extent poss~le.
been, or could potentially be, successful in improving
domestic water supply raw water quality for those
water utilities tha~: use the Sacramento-San Joaquin
River Delta asa water supply water source. One of the most significant water

quality problems for domestic water
’̄ supply utilities that utilize the Delta as

DELTA TI-LM PRECURSOR SOURCES a source is the formation of THMs...
AND THEIR CONTROL

One of the most slgnJficant water quality problems
for domestic water supply utilities that utilize theUntil recently, few water u~ilities determined the
Delta as a source is the formation of THMs in thebromide concentration of the raw water supply with
~vaters disinfected by chlorine or othe~ strongthe result that there is very limited informatiou
oxidants, such as ozone in the presence of bromide,available today on the pollution of water supplies by
THMs arise from chlorine (primarily free chlorine)¯ bromide. For seawater systems, the chloride to
reacting with dissolved and particulate organicbromide ratio in accord with the law of constant
matter present in the raw water to form a group ofrelative proportions is a fairly well-defined ratio of
low molecular weight halogenated hydrocarbons,about 0.003. As a result, for freshwaters
such as chloroform. In the presence of bromide incontaminated with seawater, such as o~urs in part of
the raw water, strong oxidants, such as free chlorinethe Sacrament6-San Joaquin River Delta (Delta), it
and ozone, oxidize the bromide to bromine. Theis poss~l¢ to estimate the bromide concentration of

the water based on the chloride concentration. For
1pre:dden~a.’uf2V’~:e-/b’~sident, G. FredLee&,4.~ocia~e~ other sources of bromide, however, such as an oll
27"2~F_ ~Mac.zroDra~ ~Mac~’oo C,7.,4 ~Z&IO0.~. ¯ field brine or other brines, the seawater ratio may
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not bc applicablc to waters contam~atcd by brkicsthe Canadian River Municipal Water Author£ty to
from other sources. Caution shouId therefore bccontrol the amount of brine input to the tributaries
exercised in a complex system such as theof ~hc reservoir for the purpose of limiting brine, and
Sacramento-San 3oaquln River Delta system inspecifically bromide, input to the waterbody.
assuming that all tributaries of the Delta have
chloride to bromide ratios the same as seawater.While it has been known for many years that
While this could be th~ case, since the export ofcontrolling the concentration of organic precursors
Delta water contaminated with seawater results inof THMs by their removal in treatment works can
some of this water being returned to th~ D~ltacontrol THM concentrations, surprisingly little
through the San/oaquin River system, it isattention has been given to attempting to
important to verify, for this and other similarunderstand, and where possible to controI, organic
situations, that chlorid~ concentrations can be used.THM precursors at the source. This is an area that
to estimate the bromide content oft he water, deserves attention and that could b~ a potentially

significant approach that could be u~;l;~d by some
There is considerabl~ justification for limiting thewater utiIiti~s for controlling ~xcessive THMs. The
amount of seawater that enters the Delta in order towork of Randtke and his associates (Randtk¢ et al.
reduce the bromide input to this system and to1988) has provided some insight into th~ potential
reduce the potential for brominated THMsources of THM precursors. TabI~ i presents a
formation. In th~ fall of 1990, the State Watersummary of the Randtke et al. data on the
Resources Control Board Delta Municipal andconcentrations of THM precursors as me~asur~d in a
Industrial Water Quality Work Group made astandardized chlorination t~st (THMFP--
re.commendation to the California Water Resourcestrihalomethane formation potential) in various
Control Board to manage water quality within therunoff waters and samples of effluents, ~tc. It is
Delta system so that th~ freshwater outflows fromreadily apparent from this and other work that
the Delta to the San Francisco Bay system will becertain types of land use and wastewater discharges
sufficient to limit the saltwater migration into theare particularly significant sources of THM
Delta for the purpose of controlling the introductionprecursors. Randtke cta!. (1988) found that while
of bromide in the seawater into Delta waters that meTHM precursor concentration in waters from
exporteA or used directly for municipal water supplyvarious sources varied greatly, the THM yield as
sources. This is a highly justified, source-water-measured as THMFP concentration per mg carbon
quality control effort that is under review by thewas remarkably constant. This points to the
State Water Rusourc~s Control Board at this time.potential that for many situations controlling the

total organic carbon (TOC) content of the water is a
potentially reIiable basis for controlling THM
precursors. Obviously, there is need for additional

There is considerable justi~eation for study of th¢ applicability of the gandt.ke et al. results
limiting the amount of’seawater that to other ar~as to be certain that the relatively
enters the Delta in order to reduce the constant ratio that they found between THM
bromide input.., formation potential and TOC is found in other areas.

There is some indication in the literature that this
may not be th~ case. Water utilities and water
pollution control agencies would therefore need to

Another example of a situation wher~ bromidemak~ an evaluation of this relationship of pot~ntialI~
control in a source water was highly justifiedsignificant sources of organic THM precursors in
occurred in th~ work that the authors did with thetheir wat.crsheds in order to determine if the TI-IM
Canadian River Municipal Water Authority, whichprecursor source control program could be focused
utilizcd Lake Meredith in W~t Texas as a domesticon controlling TOC discharge to waters that are
water supply source (Lee and $ones, 1983). Thistributary to the water suppIy source for the water
lake received brine drainage to tributaries. Thisufillty.
brine was derived from natural sources in
Canadian River watershed. It contained elevatedWhile THM organic precursors are derived from
concentrations of bromide which led t6 elevatednatural sources, such as decaying vegetation, etc.,
brominated THMs in water supplies that use Lakeactivities of man through municipal and industrial
Meredith water as a source. Efforts were made bywast~water discharges and agricultural runoff and
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drainage can significantly increase the THMpotential when corrected for evaporative
precursor concenttatloas in a water supply. If aconc, ntratlon. It is evldeat ~rom examination of the
much better understanding existed of THMtotal dissol~,ed solids (TDS) in the waters diverted
precursor sources and the amounts of precursorsfrom the channels to agricultural lands and the
derived ,from various types of Land use, then it mightwaters pumped back to the channels from these
be possible to develop approaches that couldlands, that there is about a two- to three-fold
effec.tively reduce precursor input. An example ofevaporative concentration of salts on some of the
this type of work is currently underway in the Deltaagricultural lands within the Delta. This could mean
by the California Department of Water Resourcesthat on the order of one-half of the increase in "I’HM
(DWR) and a paper on the results of this work wasprecursors discharged from Delta agricultural lands
presented by Woodard (1991) at this conference,to the channels could be derived from evaporative
The DWR study focuses on Delta sources of THMconcentration on the agricultural lands. The other
precursors. It, however, does not go far enough backhalf would be derived from leaching from peat soils
into the tn’butary sources of the Ddta to understandand any crop or other plant residues present in or on
the specific sources of TI-IM precursors that exist inthe soil. It is likely that there is some change in the
the major tributaries to the Delta upstream of thetype of compounds that make up the organic
Delta. It is clear from the Department of Waterprecursors derived from the agricultural lands due to
Resources monitoring data (DWR 1989) that asorption, microbial transformation, and desorpdon-
significant amount of THM organic precursors aresolubilization processes; and therefore, the chemical
brought into the Delta from tn~outary sources to themakeup of the dissolved organic carbon (DOC)
Delta. DWR found that the five-year (1983-1987)added to agricultural lands will likely be different
median CFHMFPs) at Greene’s Landing on thefrom that discharged from them. This could affect
Sacramento River was 260/.~g/L. At Vernalis on thethe relationship between DOC and THM formation
San ffoaquin River it was 450/.~g/L, while the five-potential since only a small part of the DOC is
year median at the bank’s export point was 490converted to THMs during disinfection processes
/zg/L. While it would be necessary to actuallyinvolving chlorine or other strong oxidants in the
compute input loads of THM organic precursorspresence of bromide.
from the Sacramento and San Joaquin rivers based
on concentrations and flow data, it is dear that a
significant amount of THMFPs are added to the
Delta each year from Delta tributary sources and It is recommended that an aggressive
that a significant effort should be made to program be developed to reduce the
understand the specific contributions of these various amount of organic THM precursors
sources since it could lead to the development of added to Delta waters..
control programs that could influence THM
formation in water supplies that use the Delta as a
water supply source. It is therefore evident that the
DWR current studies in this area should beIt is recommended that an aggressive program be
expanded to include not only the definition of i~-developed to reduce the amount of organic THM
Delta sources but also upstream of the Delta sourcesprecursors added to Delta waters from agricultural
of’triM organic precursors, as well as other sources. The first step in developing

such a program is to better understand the relative
It has been known for some time from work insignificance of each potentially significant source for
various parts of the United States that waters inthe Delta in each of its major tributaries. This
contact with high organic soils, such as peat, which" program should include determination of specific
occur in some parts of the Delta, can have greatlysources of THM precursors that contribute more
elevated concentrations of organic THM precursors.,than about :tO percent of the total to a Delta
From a review of the Department of Watertributary as well as within the Delta. These sources
Resources’ monitoring data on waters added to andshould in turn be investigated to understand the
taken from agricultural lands within the Delta, it hasspecific sources of THM precursors within the
been found by the authors that the waters divertedsource and the potential control programs that could
from the Delta channels to agricultural lands andbe developed to reduce the amount of THM
then pumped back to the channels will typically showprecursors present in the raw water supplies for the
a 1,000 to 1,500/~g/L increase in THM formationutilities that utilize water from the Delta. Similar
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Table 1

THM FORMATION POTENTIAL IN RUNOFF AND POINT-SOURCE SAMPLES

DOC T0C THMFP
Site Description mg/L mg/L ~g/L

Ufoan-Commcrcial 17.~ 67.0 1,152

No~t~ P~d 4.~ 7~5

(S~b~fion Pond)
Mu~ ~n~ ~ucnt ~7 ~3

(~b~on Pond)
~ ~ ~off Pond 3.0 3.6
~fmc~ ~ucnt ~9 410

P~ P~t ~g Wat~ ¯ 7.0 8.4 3~
P~ P~t ~g Water 7.0 7~
P~ P~t ~h P~d ~u,nt 3.7 3.9

¯ THM .YIELDS OF RUNOFFSAMPLES

S.~mvle Omuo ~o.of Sampl~ t’umoleslm~,C)

U~ ~off 6 039 ~ 0.14

~dlot ~noff 3 0~ ¯ 0M

After Rand~e et al. (1987)
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kinds of programs should be conducted by waterthat while ~ the past it has b~en posslbl~ to mod~y
ut~litles throughout th~ co~t~ ~at fac~ problems~s~ction practices to m~t ~M MC~, ~ th~
~ ~v~ ~ fo~afion. ~e, ~ approa~ ~ not ~ely b~ po~ble. ~ a

r~sult, it will brcom~ n~cossary to focus THM
~at~ly, it shoed b~ posslbl~ to develop THM~ntrol on si~ificantly r~ducing THM precursor
pr~c~sor r~ort co~drnts s~Hm to ~ ~ortsources for domestic water supplies. For further
~ci~nts ~at hav~ b~n d~v~lop~d by Rast and~o~afion on .~ topi~ co~t ~ paper by GI~
~ (1983) for nltrog~n and phosphorus wh~r~(~1) pr~nt~d at ~ ~r~n~.
~rtain types of land uso or dralnago would b~
~ctcd to contribut~ certa~ ~ounts of THM
pre~sors on a ~t m~a per ~t ~ basis. ~sRO~ OF ~ ~ ~ P~C~OR
would r~qu~r~ d~t~rminlng tho concentrations ofSO~C~
~ price,ors from v~ous ~s of so~c~s at
f~lyfr~qu~at~t~m~ofon~toaomoro~oIt has b~n known for many y~ars that th~
w~ks over at l~mt a oa~ ~d preferably ~o-y~ar~or~a6oa of Iaborato~ ~g~ ~acts c~ l~ad to
~ pe~ w~o ~ flow of ~ so~ ~ ~o b~~ conc~aUatio~ of ~Ms. T~s has ~ed a
m~as~d. Th~ obj~ctiv~ of such m~asur~m~ntsa~b~r of ~ws~gators, pr~dp~y Hoehn ~d
wo~d bo to d~wlop rams TH~ p~r h~ct~ p~r~odat~ ~ et ~. ~9~) to ~ves~at~ wh~er
y~m data for r~offs~pl~s. For effluent s~pl~s,~ga~ could b~ a significant sourc~ of THM
¯ ~ tot~ rams load~g of ~M~s p~r y~ wouldprecursors for dom~stlc water supp~s. Ho~ hm
~ d~t~rmin~d. This could in turn b~ pot~atlallyfo~d ~ ~n~a~a~o~ of ~ pr~c~som
r~lat~d to a population ~quival~at for municipalpr~s~ac~ of ~g~ blooms ~ a r~o~ ~ V~a.
wast~wat~rs w~ r~c~ ~ ~ ~d d~ ofR~d~ et ~. (~) conducted a s~ri~s of stu~es
~atm~at prodded by th~ treatment works. Forsp~c~e~y d~si~d to ~x~ ~ rol~ ~at ~ga~
~dustrial wast~wat~rs, it should b~ possibl~ toplay in s~rving as THM precursors for the
d~v~lop a THMFP equlval~nt p~r unit ofwaterbo~s~at~y~ws~gat~d. They concluded
m~act~d product or som~ other s~ basis~at ~gao ~d o~r aq~c pl~ m~ not
which r~lat~s th~ wast~water loads to iadustrlalsources of THM precursors in th~s~ waters. It
a~. It ~o~d b~ r~a~y pom~l~ to d~t~ aapp~m~d from the~ work, ~at w~ ~ ~ga~ ~d
r~latlo~p b~n TOC r~moval ~ a wast~wat~r~gh~r aquatic plants could s~rv~ as a THM
~eatm~nt plant for certain types of wastes and apr~c~sor source, ~y prec~sors d~v~lop~d by or
~ r~mo~ ra~o. ~om ~m rapi~y ~app~d ~om ~ ~ter.

It has b~a r~port~d by L~ (19~3) that
eu~op~oa of ~ M~adota lo~ted ~ Ma~o~

~ pr~sors ~ wastewaters, ~b~Wiscons~ ~at hm occ~d over th~ last ~ y~s
~d a~c~tu~ dr~nage, etc. ~ or so hm not ~g~d ~ ~solv~d org~c ~boa
uI~ately ~ conside~d po~ut~ts ~OC) of th~ lak~ water. For this wat~rbody at
that have to ~ contused t~ough l~ast, th~ DOC is pr~y d~riv~d from t~stri~,
¯ seh~e pe~ts... ~d-bm~ so~ ra~r ~ aq~c pl~t so~

W~r (19~) hm r~po~d cow,lahore b~a
~ development of THM precursor export. phosphorus cont~at of dom~s~c water supply lakes

r~gulato~ agencies b~gin to control municipal,upon ~s~ction ~ c~or~. Th~ ~p~tioa.is
~dus~i~, ~d a~c~t~ a~i~t~s ~at r~pres~nt~at siac~ th~ phosphorus contour of th~ lak~
sight so~c~s of.THM org~c pr~c~sors for~lat~s ~ ~g~ ~orophy~ ~ ~ga~
domestic water supplies. THM precursors ~n~port~t sourc~ of~M precursors. However,
~st~wat~rs, ~b~ ~d a~lcul~ dr~ag~, etc.~ open,on of th~ authors, th~ corr~latloa
~ ul~ately b~ considered polluters ~at hav~ tophosphor~ ~th THMs is sp~ous. It is l~ly that
b~ ~n~o~d ~ou~ ~s~mg~ p~ ~ mu~ ~~ many watersheds, phosphorus ~xport from th~
~e way m o~r ~nt~ m~ b~g con~o~edland is copulated ~th DOC ~ort from th~ land.
today. T~ situation ~II ~ly ~is~ out of th~ factTherefore, W~r’s co~ela~oa approa~ ~ot be
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judged as a valid assessment approach forpracticed by holding th~ water in th~ dark for a
determining the role that algae play as THIVIsufficient period of ~im~ ~o allow microbial
pr~sor ~s. u~o~a~on of ~ ~-d~d ~ pr~o~.

~rom th~ information in the lit~ra~ur~ and ~h~~ l~g~ padres ~d ~ flo~a~on b~ co~d
authors’ ~xp~ri~nc~, it appears now tha~ i~ isa~l~ra~ ~ ~o~ of ba~ w~ wo~d
~port~t to ~stin~sh between tcrr~stri~ andabou~ ~s~ ~fo~a~o~. I~ may b~ d~abI~ to
aqua~c pl~ ~ ~ pr~sor so~s. ~ ~v~lop a mo~d v~r~on of a rota~g biolo~
~th terrestrial and aquatic plants can serv~ as~or ~ for ~t~t~ ~t ~ a m~
~po~t so~c~s of ~ pr~c~sors, it applesof d~v~lop~g s~fici~nt bact~Hal popula6o~ for
~t ~ a~c p~ (~ ~d m~y ma~oph~)pr~u~a~nt of ~ raw water. Su~ ~ approa~
produ~ ~ pre~so~ w~ ~e ~to~-~b~wo~d hav~ a ~ probab~ of rapi~y r~mo~g
~ aqua~c systems. T¢~es~ v~g~ta~on, on ~~gal-deriv~d precursors without stimulating
o~r ~ t~n~ to pr~u~ ~ pr~o~ som~ad~on~ ~g~ ~o~ or o~r raw water q~
of w~ ~ ~ r~a~o~-p~r~t~nt~ ~ ~d probl~
~uatic systems. It has b~¢n suggested by Fol~
~rs. comm. 1989) that t~s differenc~ may be
r~lat~d to th~ li~in content of terrestri~ plants.
~ apples to b~ conv~d to ~y p~rs~t~nt ~e Delta ~t~s ~i~y wo~d
DOC. "S~ aq~c p~ no~y hav~ ~ or no ~ass~ed as modestly to ~y
~ ~nten~ ~e~ de~y, w~ ~6~y produ~g eut~p~c ~d wo~d ~ ~ted to
~g~ amounts of THM precursors, upon f~r hav~g~-~late~.problems.
~ob~ ~fo~a~o~, produ~ d~y products
~ do not l~d to ~ fo~a6o~

~e th~ lit~ratur~ on th~ p~rs~tenc~ of algal-Water utilities that haw ~gh THM precursor
d~d ~ ~e~ors ~ w~ ~ ~ ap~ to ~nc~ntrations ~ th~ raw water and have alg~
¯ ~ authors that at l~ast under warm waterpop~o~ of~t~ ~ 10 to
~nditions of ~ o C or greater ~ algal-d~rived~g~ ~orophy~ ~ ~ raw water ne~
~M pr~c~sors d~y s~n~y ~ a p~Hod of a~t~ shoed d~t~ ~ a si~t p~t
f~w ~ to a w~k to non-pr~c~sor ~mpo~.~ precursors ~ lost upon a~ration ~d/or
~ d~y wo~d ~ e~a~ to ~ som~w~t dowersfirr~g of th~ water ~ ~ dark over a p~riod of

" ~ cold waters. Th~r~ is ob~ous need to conducts~vCra] days. If this do~s occur, ~h~n it may b~
~d~p~ s~ on ~ fo~a6on ~d d~y of ~-~ssible to d~vis~ systems to acc~l~rat~ th~
d~v~d T~ pr~so~ ~ v~o~ ~s of aqua~cd~compositlon of lab~ precursors ~d ~r~by
~te~-of pot~n~ ~port~c~ to water u~ti~s.~ r~du~ ~ pr~or load on ~ ~a~nt wor~
Such studies will prov.id~ utilities with th~
~formation they n~ed to d~term~n~ for their -~ Delta waters t~ic~ly would b~ ~sifi~d as
particular system wh~th~rTHM precursors ~moderately to highly ~utrophic and would b~
d~Hwd at ~y ~ d~g ~ y~ to a sight~ct~d to haw a v~ of ~g~:r~lat~d dom~s~c
~t ~om ~ bl~ms ~ ~ raw ~t~ ~pp~. ~t~r supply qu~ problems, such

odors. It apples that ~ Contra Costa Water
For ~ ~ of a water u~ ~ ~y eu~op~cDistrlct ~d thos~ whom ~s ~uict supp~s
raw ~ter supp~ ~ ~ ~pr~nt a ~t ~ct ~at at l~ast p~t of th¢~ THM precursor
so~ of ad~fio~ ~ pr~ ~d ~re ~ ~n~n~fio~ at som~ ~es
~ additional justification for controlling algal~om ~ ~d ~r~fore ~� potency ~bH~.
~p~o~ ~o~ ~ ~ of n~nt ~ho@ho~~ ~ ~a ~t ~o~d b~ ~v~t~ ~ ~at~ly
~d/or ~6gen) ~put ~n~oL F~r, it may b~when ~ ~n~ol of ~ pr~o~
appropr~at~ .for som~ utilities to d~wlop pro-~d o~r action,s ~ ~ Delta ~ prac~c~ it
~a~nt of th~ raw water by biolo~ m~ ~~d be ~at.~ga~ may b~com~ a v~ ~port~t
order to b~g about ~ de~y of ~ ~g~-d~Hv~d̄ p~t of ~ prec~sor so~c~s for som~ of ~ water
~ pr~c~sors b~for~ ~ec~on. T~ ~d b~u~6~ &a~g ~t~ ~om ~ D~l~
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EUTROPHICATION OFDOME~TICWATER pene{rafion~ dissolved oxygen d~pletion in
SUPPLY LAKES AND RESERVOIRS hypoLknnetic (bottom) waters, fish kills, �~c., on~ of

the bene~t~ of such programs has been improvement
The eutrophication (excessive fertilization) ofin the domestic water supply raw water quality. With
domestic water supply lakes and reservoirs is a wellincreasing constraints on water utilities’ use of
known cause of water supply quality deterioration,copper sulfate, water utilities should give greater
The growth of planktonic algae in domestic waterconsideration to controlling algal growth in their lake
supplies is known to cause increased tastes and¯ or reservoir water supply by limiting algal nutrients
odors, shortened filter runs, increased chlorineadded to the waterbody from its watershed.
demand, increased turbidty, and, for some situations,
increased trihalomethane (THM) precursors.Lee and ~lones (1988a) presented a review of the
Gilbert (3.993.) reported at this conference thatNorth American experience in eutrophication
surveys taken of consumer satisfaction with thecontrol through phosphorus management. As they
aesthetic quality of a domestic water supply founddiscussed, it has generally been found throughout the
that for the East Bay Municlpal Water District aboutworld that, with few exceptions, controlling the
70 percent of the respondents indicated that theyphosphorus input to a freshwater lake or reservoir
found that their water supply aesthetic quality wascan, if practiced to a sufficient extent, reduce the
satisfactory. For the San Francisco Bay region as aamount of algae that would develop in the
whole, consumer satisfaction was about 35 percent,waterbody. Since typically algal-related domestic
For the state as a whole it was about 25 percent,water supply quality problems are related to the
Since taste and odor problems are on~ of thenumbers of algae present, reducing algal blomass in
primary causes of consumer dissatisfaction witha water supply reservoir is in the direction of
water supply quality and since in California wa.terreducing domestic water supply raw water quality
supply taste and odor problems tend to be of algalproblems due to algae. There are, however,
origin, algal growth in surface water supplies is asignificant differences in the ability of various types
frequent cause of significant algal- related taste andof algae to cause domestic water supply quality
odor problems. For additional information on theproblems. Certain types of algae are well known for
impact of algae on domestic water supply taste andtheir highly obnoxious, very potent odors associated
odors and other water quality problems, consultwith their presence in a water; this is especially true
Palmer (3.959). for certain blue-green algae which are known to have

odors that are characterized as "pig-pen-like."
Normally, however, it is found that reducing the
overall nutrient (phosphorus) loads to a lake or

With constraints on...copper suLfate reservoir tends to be in the direction of not only
[use] water utilities should give greater reducing total algal biomass, but also reducing the
consideration to controlling algal frequency and severity of highly obnoxidus algal
growth in their lake or reservoir water blooms (Lee 1.073).
supply by limiting algal nutrients ....

MANAGEMENT OF EXCESSIVE
FERTILIZATION IN TIIE DELTA AND IN
WATER SUPPLY RESERVOIRS

Many water utilities cannot or do not practice algal
control through controlling algal blooms with copperA review of the State of California Department of
sulfate, because of the concern about the toxicity ofWater Resources Delta monitoring data for the
copper to aquatic life in lakes and reservoirs used for"period 3.983 through 1989 shows that the amount of
recreational purposes and/or the cost of treatingplanktonic algal chlorophyll present during the
some lakes and reservoirs with copper sulfate. Whileperiod May through July at the Clifton Court
typical..eutrophication control programs based onForebay averages about 7 to 25 ~g/L. Many of the
reduction of algal hutrient input to a lake orvalues are in the 3.0 to 20/zg/L range with some
reservoir that have been adopted across the U.S.values exceeding 50 ~g/L. As discussed below, algal
focused primarily on managing the impacts of algaegrowth within the Delta is about what would be
on recreational use of the waters where the.algal-expected based on the aquatic plant nutrients
rehted problems were floating scum, decaying algae(phosphorus) available for their growth within the
on the beach, malodorous conditions, low lightsystem. Based on the experience of the authors in
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r~lat~ug I~lankton~c algal chlorophyll to domestic~mount of ~ ~rowr.h that ~ ~ F~r,
~t~r supply qu~ probl~, i~ ~ ~i~y fo~d ~o~ ~ ~ work by ~ amhors (~on~s ~d L~
¯ ar when th~ pl~m~c ~g~ ~orophy~ sxc~s~ ~86) light is nor a significan~ limiling factor in
~ound 7 to 10 ~ g/L that water utilities can~n~o~g MgM ~o~ ~ ~ D~Ita over
~ri~nc~ si~i~cant alg~-r~lat~d water qu~i~ ~n~ol ~ar ~t ~ita~on hm ~ con~o~g ~g~

~t~rs ~ not s~ci~nt to silently ~f~ct

dom~s~c water supply probl~ms d~p~nd on ~ on ~s~ n~ ~nt~
~c~c types of alga~ present. Somo alga~ at

~g/L range cause frw p~obl~ms other than Mga~ ~ about ~ s~ way m wat~rbo~s lo~ted
~o~ ~t~r ~ ~ ~ o~sr ~ som~ ~ ~rou~out th~ world grow alga~ r~lativ~ to their
blooms o~ th~ order of ~ to I0 ~g/L ~lorophy~ phosphor~ 1oa~. T~ ~.not ~ctrd s~c~

~o~ su~ ~ ~s o~ ~ ~s T~ ~ ~mr worldwids. Th~ fact that som~ parts of
~d $on~ ~1), wh~m tmt~ ~d odor probl~ m~ ~o~a hav~ a mor~ ~d ~at~ do~s not,

g~n~ ~m~nt ~t ~y ~ ~ p~oMc ~ a raw water so~cs ~ ~ct to hav~ ~-r~t~d
~orophy~ ~ncrnua~on ~ abov~ ~ ~g~ water ~ter qu~ problems ~ ~ raw water supp~s.

r~ted ~t~r q~ proble~ ~t~rs wo~d e~H~nc~ sight tmt~ ~d odor
probl~ms ~d that th~r~ wo~d b~ a pot~n~i~ for

Bm~d on ~ au~ors’ ~c~sions on Mg~ ~o~h ~M-d~ ~ or~c pr~som ~ ~ water.

hm be~n fo~d ~at ~r~ h co~id~rabl~ co~lon
about how wr~ ~ D~Ira ~o~ ~ga~ comp~d to
what it shoed bo do~g bm~d on i~ nu~snt loa~ ,..the Delta is ~o~g Mgae ~ a~ut
~d ~a~~ It hm ~n fo~d by ~ au~ors the s~e way as water~es located
¯ at ~ ~ount of pl~to~c Mg~ cMorophy~-~ t~u~out the world ~ow ~gae
m~d by ~ D~ Water Ou~ S~c~ relative to the~ phosphors loads.
Progr~ from 1983 to 1989, at th~ Cl~ton Court

~ r~onably good a~m~nt ~ ~ ~o~t of _.
pl~to~c ~g~ ~or0phy~ ~at wo~d b~ ~ct~d ~ ad~on to b~g concerned about Mg~-d~riv~d
at ~ lo~on bm~d on ~ phospho~ content of tastes ~d odors and THM prrcursors for thos~

~g~ ~orophy~ ~ on ~ order of 10 lo ~ ~g~. ~at it shor~y ~r ~actio~ concrm shoed
~ m~asured av~rag~ values va~ ~bm 7 to ~ b~ f~mrd on ~ d~v~lopm~nt of ~
~g/L. The predicted valuss art based on ~t m~ m~ to store ~ed D~ ~ter ~fors
pr~c~o~ by ~ ~ of ~ Vo~rnwridrr-OECD ~ ~ a dom~s~c ~t~r supp~ so~. Under

(1986). ~ ~c~s~d bslow, ~ D~Ita apples to ~t~r qu~W problems couM occur as a r~sult

¯ ~ s~r mon~ ~d ~r~for~, ~r~ ~ ~plo m~d for dom~c p~pos~s. Somo water u~"
~ for algao to d~v~lop to th~ e~nt allowabl~ such as tho Santa Clara Water District, haw

~ waters d~riv~d from r~s~o~rs that w~r~ F~l~d
R~wof~D~data~ows~at~og~nlsnot ~th Delta water. This district has found a

D~It~ Th~r~ m~ si~~y s~pl~ ~o~ts of mst~ ~d odor probl~ms ~ ~s~ raw watsr so~c~.
~og~n ~mp~d to what k herded to sup~ ~ Accordlng ~o M~ans (1991), s~v~ral of
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Metropolitan Water District reservoirs, such as Phosphorus Sources for Delta Waters
¯ Perris Rescrvolr, have experienced significant algal-

related taste and odor problems. Other reservoirs in As discussed by Lee and Jones (1988a), there ar~
the Metropolitan Water District of Southern approximately fifty million people in the world whose
California (MWD) system have, on occasion, domestic wastewaters are being treated for
e.A’periencsd similar problems, phosphorus removal for control of algal-related

water quality probl~ms in lake.s and reservoirs. This
Recently Karimi and Ringer (1991) have reported is a wetl established technology typically involving

¯ that Silver Lake.Reservolr, which is part of the Los the addition of alum (alttminum sulfate) as part of
Angeles Department of Water and Power (DWP) wastewater treatment to remove phosphorus by its
municipal water supply system, has significantly incorporation into the alum floc. It is also possible
inczeased algal-derived TI-IMs. This situation arises to remove phosphorus through the use ofblological
from the chlorination of the reservoir water within uptake, precipitation with iron salts, or with lime.
the reservoir for the purposes of controlling algal All of these methods are effective and widely
growth. According to Heyer (1~rs. comm. 1.991), the practiced.
restrictions on the use of Mono Lake tributary water
as a water supply sourc~ for DWP has resulted in
having to use water supplied by the MWD as a
source. While the Mono Lake tributary water had ...phosphorus removal...is a well
low algal nutrients, the MWD water is derived from established technology typically
the Delta and has a high algal nutrient content, involving the addition of alum
According to FIeyer, coincident with the s-flltch from (alum.[nllm sulfate) as part of
Mono Lake tributary water to Delta water was an wastewater treatment...
increase in the algal-related water quality problems
in some of the DWP reservoirs. Since the algae that
are developing in gome of these reservoirs (such as
Silver Lake Reservoir) are not control!able by the Ordinarily, for treatment works treating over one
addition of copper sulfate, this has caused DWP to milliofi gallons per day, the total cost of 90-95
initiate chlorination of the whole reservoir for the percent phosphorus removal from domestic
purpose of attempting to control algal growth, wastewaters is on the order of four c~nts per person
Karimi and Singer (1991) have found a correlation per day cbntributing wastewater to the treatment
between the THMs in this reservoir water and the plant. It is, therefore, appropriate to investigate
algae present in the water, whether phosphorus present in Delta waters used by

water utilities as a raw water source is derived from
The Silver Lake Reservoir system is unusual because readily controllable sources such as domestic
of the whole-reservoir chlorination practice. Under wastewaters discharged to Delta tributaries or within
these conditions, the "filM precursors, which are the Delta.
algal excretory and degradation products and-the
algae themselves, are converted in the lake to THMs. In order to estimate whether phosphorus should be
It therefore becomes an issue of how fast th~ TH.Ms r~movcd groin domestic wastewater treatment plants
present in the lak~ water dissipate rather than the which contribute phosphorus to the Delta via
dissipation of algal-derived THM precursors tributaries or directly, it is necessary to estimate the
discussed above, total phosphorus load that stimulates algal growth in

the exported water. Since in normal precipitation
The algal-related water quality problems associated "years the high winter-spring precipitation runoff and
with the use of Delta water as a raw water source, snow melt flows from the Sacramento and San
including increased algal-derived THMs, raises the Joaquin rivers flush the Delta and since the algal-
question of whether it would be possible to control related water quality problems associated with the
algal growth in the Delta as well as in off-Delta use of Delta water are typically summer problems,
reservoirs filled all or in part with Delta water the potential benelSts for r~moving phosphorus from
through the use of nutri¢nt control at their sources domestic wastewaters contributed to tributaries of
for and within the Delta. the Delta should be evaluated for the summer.
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It is estimated, based on DWR data from variousphosphorus load during the summer months of about
sources, that the av=rage r=sidence tim= of water in5 x 10~ kg P/day is needed to account for the "
the Delta during the summer months is about thirtyphosphorus pres:nt at the Clifton Court Forebay.
days. This is based on an estimated volume of water
in the Delta of 1 X 109 ms and an estimatedThis approach assumes that all waters exported or
summer inflow of ~,000 ds. It is, therefore., ~videntdischarged from the Delta are of the same
that during the summer there is ample time for alg_aecomposition as the waters at the Clifton Court
to develop in the Delta to the extent possible fromForebay. A r~view of the DWR data shows that the
the nutrients (.nitrogen and. phosphorus) present inphosphorus content of the Sacramento River water
the river inflows to the Delta. NormaIly, duringnear Point Sacramento and at Emmaton, both of
summer months, about two weeks is necessa~/forwhich are just above.where the main channel of the
algae to use all the nutrients they wish to use toSacramento River starts to mix with seawater, shows
develop peak biomass based on the characteristics dfthat th~ total phosphorus content of the water at this
the waterbody.- - point is similar to the phosphorus content at the

CHfton Court Forebay during the summer months.
It is possible that phosphorus added to theTherefore, the assumption that all exported or
tributaries of the Delta during the fall, winter, anddischarged water from the Delta has a composition
early spring could become important in causingsimilar to the Clifton Court Forebay waters is
algal-related water quality problems during thereasonabIe.
foJlowing summer in a large reservoir that is filled
with Ddta waters prindpally derived from the DeltaAnother approach for estimating th~ P load to the
during the fall, winter, and spring. Under theseDelta is to determine the loads at Greene’s Landing
conditions, consideration should be given to year-on the Sacramento River and Vernalis on the San
round phosphorus removal from wastewaters andJoaquln River. Using DWR phosphorus data for the
other sources should such removal be shown to havesummer at these locations and typicaI sununer flows
a potential benefit in reducing algal-related waterfor these rivers, it is found that the estimated
quality problems for utilities using waters from thatphosphorus load to the Delta is about 6 x Z03 kg
r~servolr. P/day. Therefore, the Clifton Court P load data and

the Sacramento and San Joaquin River P load data
at Greene’s Landing and.Vernalis, respectively, are
in agreement. It therefore appears that, at least over

It is possible that phosphorus added tothe summer period, the processes that take place in
the tributaries of the Delta during the the Delta that remove or add phosphorus to the
fall, winter, and early spring could water tend to bahnce Out where the phosphorus load
become important in causing algal- input into the Delta is approximately equal to the
related [reservoir] water quality phosphorus load exported and discharged from the
problems during the...summer... Delta.

.According to Rast and Lee (1983), the typical
since 1983, the California Department of Waterphosphorus per capita contributionto domestic
Resources (DWR) has been �onduc15ng an extensiv~wastewaters in th~ U.$. is about 1 kg P/year.
monitoring program of D~lka waters and its majorAccording to DWR Bulletln 160, in 1987, the
tributaries (i.e., DWR 1986 and other years). ThisSacramento River basin had about 1.87 ’milIion
monitoring program has included measurements ofpeople and the San Joaquin River basin had about
various nutrient species and planktonic algalL18 million people. Therefore, in these tCto river
cklorophy11. Based on review of this data, it is foundb~;~-~ there are about 3 raison people that could bo
that typica~y the conccntratious of total phosphoruscontributing phosphorus to domestic wastewatcrs
in th~ waters at the Clifton Court Forebay, where the. that ultimately enter tributaries of the Delta. In
waters are prlndpally exported from the Delta, is onaddition, there are about 1.3 million people in the
the order of 0.1 to 0.15 mg P/L. The typicalTular¢ Lake basin. However, in many years, the
tributary flow to the Delta during the summerTulare Lake bash does not contribute water to the
months, according to various DWR documents, is onDelta system. For the purposes of this review, it is
the order of Z5,000 cfs. Using this flow andassumed that the 1.3 million people in the Tulare
phosphorus concentrations, it is found that a totalLake basin do not contribute phosphorus to the
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Delta during the summer months. It will also bcIn addition to phosphorus contributed to the Delta
assumed that between 2.S to 3 million people in thetributaries from land runoff and domestic¯
Sacramento and San Joaquin River watershedswastewater sourc~ conslderation should be given to
contribute phosphorus to the rivers or to tributariesphosphorus sources within the Delta. There are
of these rivers and ultimately ~to the Delta. Basedprincipal sources of phosphorus within the Delta.
on this approach about 7 x 10" kg P/day could beOne of these is wastewater discharges to Delta
contributed to the Delta from domestic wastewaterchannel waters and the other is drainage from the
sources.AccordingtoArcln’bald(LOgl~thisvolume),the agricultural lands within the Delta. According to
average estimated domestic wastewater flows to DWR (1989), there are approxlmately 200,000
tributaries of the Delta is about 260 mgd (million people living in the Delta system. If all of the
gallons per day). Uslng 2.5 x 106 people as an phosphorus in the domestic wastewaters from these
esthnate of the populal~on contHbutlng wastewaters people were discharged to the Delta channels, it
to the Delta tributaries and an est~nated per capita would represent an ~-~g~fi~’~-t additional source of
flow of about i00 gpd (gallons per day), it is found phosphorus for the Delta. It appears, however, that
that there is-agreement between the estimated a very small fraction of the wastewaters associated
domestic wasteWater flow and the average measured with this population are discharged to Delta channels
domestic wastewater flow. that could represent a source of phosphorus for the

waters exported from the Delta in the State Water
According to’SWRCB (1990), the Sacramento River Project. According to Archibald (1991~ this volume),
drains 16,960,000 acres, the Central Sierra area there are approximately 14,500 people living within
drains 2~432,000 acres, and the San Joaquln River the Delta who discharge wastewaters to the Delta. It

¯ drains 7,040,000 acres. Therefore, there are is therefore concluded that domestic wastewater
approxlmately 26 million acres that can contribute sources of phosphorus for the Delta are ins’_mnificant
phosphorus to the Delta from land runoff above the sources of phosphorus for the Delta.
Delta. As reported by Rast and Le¢ (1984) forested
and agriculturfl lands typically contribute from 0.005
to 0.05 g Plm’~/yr. If it is assumed that the export of
phosphorus from land in the Delta drainage basin is ...about 7 x l0s kg P/day could be
0.01 g P/m2/yr, it is estimated that about 3 x I0z kg contributed to the Delta from domestic
P/day could be contributed by land runoff to the wastewater sources.
Delta tributaries. This approach assumes that the
amount of phosphorus contributed from land runoff
is equally partitioned for each day over the year. It is
well known that this is not the.case. According to DWR (].989), there are about 520,000

acres of agricultural land within the Delta.
Phosphorus contributed from land runoff typically lands are fer~¢d for agricultural crop production.
occurs during the high runoff period in the late It would be e.~pccted that part of this fertHi~r would
winter and early spring. It would be expected that, be present in the agricultural drains from the Delta
except for some agricultural drainage, most of the islands. If it is assumed that the phosphorus export
lands in the tributaries of the Delta would contribute coefficients from the Delta island agricultural
very little phosphorus to these tributaries in the activities is 0.i g P/m2]yr (a high value for most
summer months, agriculture), it is found that the Delta island

agricultural activities could potentially contribute on
Another factor that would tend to make the the order of i x 103 kg P]day to Delta channel
estimated phosphorus loads from land runoff high is waters.
the fact that many of the headwaters of these
tributaries contain reservoirs. Reservoirs tend to be Agee (pers. comm. 199~.) provided the authors With
efficient traps for phosphorus. Ordinarily, on the some DWR monitoring data for the phosphorus
order of 80 percent of the phosphorus entering a content of agricultural drains from Empire Island
reservoir is trapped wifl~.u the reservoir and becomes within the Delta. This data covered about 2.5 years
part of the reservoir sediments. It is therefore likely of sampling during the period 1987-3.989. While the
that a large part of the phosphorus that would be phosphorus concentration values in the drainage
derived from agricultural runoff above the reservoirs water were highly variable, the average of the 30
would not be transported to the Delta. values is 0.13 mg P/L. It is therefore evident that, at
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l~ast for Emp~r~ Isled, th~ amount of phosphorus inreduced algal b~om~. It ~ now wc~ ~stab~hcd
¯ ~ a~tur~ ~ag~ water ~ about ~ s~ ~~at at l~ast th~s amount of phosphorus must b~"
¯ � phospho~ ~vcrt~d ~om ~e ~ to ~ removed ~ order to ~ a ~c~bl~ ~g~
~l~d. Therefore, s~ncs th~ load of phosphorus Mg~ biom~. It ~ M~y ~approp~ar¢ to ~s~rt
~por~¢d at the Clifton Court For�bay and ~at, in order to produce an ~mprovCmcnl
~ged from ~ m~ stem of ~� Sa~¢nro eu~op~on-r¢lared wa~¢r q~, ~ ~ necCssa~
~vCr ~o th~ San Francisco Bay systrm is to reduce the pl~to~c ~gal ~lorophy~ to less
appro~ately ~q~ to ~ ~o~t of phospho~ ~ about ~ ~g~. It ~ we~ ~o~ Rom acru~
~n~ibutCd to ~ Delta at Greene’s ~ ~d ~p~riencr tha~, in many wa~rbod~¢s where’
Vcm~ on ~ Sa~ento ~d S~ ~oaq~ fiv~ phosphorus input control has been practiced,
~sp~ctiwly, and sinc~ th~r~ ar~ no obvious si~;~r ~n~ ~ ~ r~afio~ ~d dom~fic
pol~nti~y l~g~ so~s of phospho~ ~ ~ ~t~r supply qu~ ~v~ b~n fo~d wh~n~vrr
D~ o~r.~ ~~M ~ ~d ~ ~ ~rc~nt of ~ total ava~abl~ phosphorus load
~ricultural-d~ainag~ data doss not show high ~n~o~& ~ ~prov~m~nm ~ ~tsr
phospho~ contsn[ comp~d to ~ D~Ita ~rl ~d~p~nd~ntly of th~ trophic stat~ (chlorophyll
~t~rs, it is concluded ~at phosphorus so~c~s ~nc~ntradon) of th~ wat~rbody. Th~ 5 ~g/L
~thin th~ D~Ita ar~ insignificant compared to ~orophy~ l~wl v~u~ ~ b~d sol~ly on ~pro~g
pho~ho~ so~ ~ ~s m~u~ to ~ Ds~ ~ Mgal-r~lat~d water ~arity (S~c~ drpth) for

r~afion~ ~ ~d h~ ~ or no~g to do
It is, therefore, ~vid~nt that th~ amount of domestic ~trr supply qu~ or, for ~at mattrr,
phosphorus contributed from l~d ~noff m ~ ~ny’of th~ other "rrcr~ational impacts of
D~Ita tributaries during ths summer months is euuopM~fio~ su~ ~ ~r ~qu~n~ ~d ~v~ of
~n~e=~t ~mp~ to ~ ~o~t of phospho~ obno~o~ ~ bl~ ~at ~ ~ a ~t~dy.
dr~d ~om domssgc ~t~t~r so~ w~ ~
¯ scharg~d to th~ tributaries of th~ D~lta. Whil~ it ~ ~~t ~ m~ ~s e~on of P loa~ to
¯ ~s~ rstimar~s ar~ based on g~n~ral overall ~ D~Ita to fo~ on ~ control of ~os~ loa~
~act~r~ of ~ D~Ita ~d i~ ~ibut~iss, it ~ l~ad to Mg~ av~abl~ P ~ ~ ~r~rbo~s wh~r~
d~ar that a substantial, part of th~ summsr ~r~ ~ concern about ~gal ~pacts on domrstic
phospho~ load to ~ D~Ra ~d ~ d~H~d ~om water supply qu~. ~ ~c~s~d by Lrs
dom~6c ~t~t~ ~g~d to m~u~s of ~ (~), ~ ~ a ~ of ~s~ ~d biolo~
D~Ita. Th~s~ ~stimatss indicat~ that domestic processes that tak~ plac~ ~ aquatic ~st~ms that
~st~wat~r sources of phosphorus for th~ Drlta ~nv~n ~ a~bl~ fo~ of phospho~ ~to non-
~uld b~ a significant part of th~ total P load. av~abl~ fo~s ~d ~ vrrsm T~i~y, however,
~r~for~, it ~ approp~at~ to p~su~ r~g ~ ~ rivers ~d ~ aqua6c ~t~ms such u ~ D~Ita,
~t~at~s of th~ pot~nti~ b~nefits of controlling ~ n~t ~nv~r~on wo~d ~ly ~ to~d fo~ not
phospho~ ~ dom~c ~t~t~rs on ~-r~t~d a~bl~ to sup~ ~ ~o~ It wo~d ~r~for~
~trr qu~ problems for water u~s ~at ~r ~ b~ importer to conduct ~-d~prh studi~s of ths
D~ ~t~r ~ a raw ~t~r so~ aqu~o~ sn~o~nr~ ~~ of phospho~

¯ ~ uibutari~s to th~ D~Ita, ~ th~ D~Ita, ths
~t~r ~ ~tr~ ~om ~ D~ ~d ~ ~y
off-D~Ita r~ ~ ord~ to fo~ ~ pho@ho~

~tion~ ~d domestic water supply wM~ ~s rsspo~bl~ for s~t~g MgM ~o~.
qu~ have ~n fo~d whoever 25 w~ ~stab~h~d m~odolo~s ~ a~able today
percent of the tot~ av~able to d~trr~ ~g~ av~ablr phosphors
phospho~ load is COhered. ~S0). . ,

~ ad~on~ so~ of phos~hor~ for dom~sd~
~ter supply resr~o~s ~ ~ cen~ ~d sou~rn

to ~r~ whs~r a[ l~t ~ ~r~nt of ~ tot~ P ~    ~nt~rs ~ aqueduct systsm ~ar tr~po~
load for a p~cular wat~rbody ~ controllabl~ ~n ’ ~ sou~ ~d ~ctly ~to som~ r~s~o~s
ordsr ~o ascertain wh~rher phosphorus control p~r of ~ systrm. Ar ~ ~ ~ an~ors do nor
programs would l~k~ly produc~ som~ b~n~fit ~n hav~ data on th~ phosphors content of ~ wa~rs
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entering various reservoirs in the southern part of(1983), the Vollenwelder-OECD and post-OECD
: the state where.algal-related water quality problemsdatabase, which now exceeds over 500 waterbodies

have been found. If such data does not now exist, itlocated in various parts of the world, shows that
should be d~veloped in order to ascertain whetherchanging the phosphorus load to a waterbody
there are significant sources of algal availableproduces in most waterbod~es a readily predictable
phosphorus that could s~mulate algal growth inchange in the planktonic algal chlorophyll
reservoirs in the southern part of the state. Ifconcentration that developed in the summer within
s~ificant sources of this type cxls~, then phosphorusthe waterbody. Tlzls relationship holds cvcn though
control programs should bc considered for thesephosphorus is not an algal growth rate limiting
.sources. The dlrccr addition of alum to ~:hcse waterselement in the watcrbody, i.e., phosphorus is surplus
may bc a highly cost effective way of removingcompared to algal needs. This appears to’be the
phosphorus from sources of this type (scc J~� 1973).case throughout the Delta system and in down-Delta

rcscrvoh’s.
According to Means (1991, this volume), significant
algal popularJonsarc found in the aqueduct systemThere is a relationship l~etwcen the normalized
transporting Delta waters to the south. As part ofphosphorus loads to a waterbody and the planktonic
developing algal control programs, consldcrationalgal chlorophyll that develops within the waterbody.
should bc given to the role that algae that develop inThe normalizing factors arc the watcrbody’s mean
the aqueduct play in causing algal-related waterdepth and hydraulic resldenc¢ time. The
quality problems to the water utilities that usenormalizing term has been found to bc
aqucduc~ waters as a source, approxlmatcly equal to the annual phosphorus

concentration in the watcrbody. Therefore, the
It is hnp0rtant to understand that the frequen~ usedrelationship, in its most basic terms, is simply a
approaches for estimating whether nitrogen orstaremcnt of algal stoich~omctry in which there is a
phosphorus is limiting algal growth in a lake orcorrelation between the phosphorus concentration in
rescrvoir are often inappropria.tc. Attempts to looka waterbody and the algal growth that occurs in the
at total phosphorus/nitrate ratios for estimatingwaierbody. While this relationship is not applicable
nutrient lh~tations arc unreliable for ~stimating theto all waterbodics, it is applicable to well over 80
impac~ of altering phosphorus loads to a waterbodypercent of the world’s freshwater waterbodies. Jones
on the planktonic algal growth that occur within theand Lee (1986) provide guidance on how to
watcrbody. As discussed by L~e and ~oncs (1981) indetermine i~s applicability to a particular waterbody.
an AW’WA Guality Control in Reservoirs Committee
report, in 0rdcr for nitrogen or phosphorus to limit
the biomass of algae that devclops in a waterbody,
the concentrations of available forms must bc belowThe DWR monitoring data for the
growth rate Rmi~g concentrations at peak biomassDelta waters shows that nitrogen is not
when there is c0nccrn about algal-rclatcd waterIimi.’ting algal growth in these waters.
quality problems.

Ratios of nurrlcnrs arc unreliable predictors of algal
limiting nutrients and can readily lead to erroneousIn order for the grow~ of algae in a waterbody to bc
conclusions about the potential benefits ofproportional to the available phosphorus
controlling nitrogen or phosphorus inputs to aconcentrations in the water, even though phospho .rus
watcrbody on reducing algal-related water qualityis not I/miring their rate of growth, it is necessary
problems, that all other nutrients needed by the algae bc

present in surplus amounts, compared to algal needs.
Rast ctal. (~98~) have shown tha~ even though theThe chemical typically of greatest concern is nitrogen
growth rate of alga.�’in a wa. terbody is not controlledin the form of nitrate and/or ammonia. The DWR
by phosphorus, it is poss~Ic to use the Vollen’weider-"monitoring "data for the Delta waters shows that
OECD modeling rclationshlps described by Jonesnitrogen is not Iimlriug algal growth in these waters.

. and Lcc (1986) to predict the potential benefits ofFurther, sln.cc algal growth in the Delta is about
controlling phosphorus input to a certain dcgrce onequal to what is predicted based on phosphorus
the algal-related water quality of a watcrbody. Aschlorophyll relationships for waterbodics located
discussed by Jones and Lcc (1986) and Rast ct al.throughout the world, it appears that all other
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’ eut.xop~cdcation-r~lat~d recreational impacts ~n lakesCONCLUSIONS
and reservoh’s, it is questionable whether many of
these techniques have appllcabilky to sign~canflyIt ~s concluded that, because of the importance of the
knprovlng domestic water supply eutropldcation-Delta as a water supply source for two-tldrds of the
related water quality. For example, one of thepopulation of California, a much greater effort
techniques that is often said to be beneficial forshould b~ devoted to source water quality control for
managing eutrophication related water quality incontaminants that directly (or indirectly, as in the
lakes and reservoirs is aeration-destratification of thecase of phosphorus) cause significant water quality
waterbody. This t¢chnlque, however, does notproblems for water utilities that use Delta waters as
necessarily improve eutrophication-rdated watera source of supply. Understanding the specific
quality for recreational and domestic water supplysources of various contanduants and inve~tig-ating the
uses. potential for control of these contaminants at the

source could be ~ig’Mficantly benefidal in improving
The value ~t~ aeration of reservoirs in improvingdomestic water supply quality for many of the people
domestic water.supply quality was reviewed by thetn California.
AWWA Quality Control in Reservoirs Committee.
This committee reported that after extensive reviewWith increased attention being given to control of
of the data available, there were serious quesdous asTHMs in treated waters, emphasis should be placed
to whether aeration of a water supply reservoiron understanding the sources of organic THM
would improve water quality. It was found that inprecursors. A significant effort should be made to
some water supply reservoirs, aeration- causeddevelop THM precursor land use-export toe,dents.
greater algal-related water quality problems thanWater utilities using Delta water as a source, as well
occurred in the unaerated reservoirs. This situationas regulatory agencies, should determine the
is to be expected in stratified reservoirs where thedominant sources of THM precursors ha the Delta
thermodine serves as an effective barrier to nutrientand its watershed and evaluate on a site-specific
regeneration and transport from the deeper watersbasi~ the potential for control of the most -~iT,;~c~-t
of the lake to the surface waters where the algaesources. THM precursor control programs should
develop. The aerafion-destratLfication of a waterbe initiated in those situations where the collective
supply reservoir, however, should be evaluateddevdopment of such a control program would result
cautiously. It appears that in some i~tances, but notin a significant lowering of the THMs produced upon
all, there are benefits in domestic water supplydisinfection of the water supply.
quality associated with aeration-destratification of
the waterbody. As discussed by Lee (1973),Municipal water utilities that use the Sacramento-
hypolimnetic aeration of reservoirs in whichSan ffoaquin River Delta as a water supply source,
destratification does not occur has been found to beand the regulatory agencies as well, should
an effective method of improving the domestic waterinvestigate the potential benefits of the control of
supply qualltyofhypollmnetic wat, rs. phosphorus in domestic wastewater sources

discharged to tributaries of the Delta. It has been
found that during the summer months, domestic
wastewater sources are the primary source of

With increased attention being given tophosphorus, for the Delta system. Phosphorus
control of THMs in treated waters,, control from these sources with readily available
emphasis should be placed on widely practiced technology could result in a
understanding the sources of organic . significant reduction of algal growth within the Delta
~ precursors, and in down-Delta reservoirs as well as in the

aqueduct system. Such reduced growth could
significantly reduce the algal-relatod taste and odor
problem~ as well as algal-derived THM precursors.
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